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Th i s  
1.0  Summary 
An i n t e g r a l l y  woven, Quartz  f i b e r  Omniweave I-Beam, having uniform 
w a l l  t h i c k n e s s  and unequal width c a p s  was s u c c e s s f u l l y  woven and molded 
u s i n g  epoxy r e s i n  68R a s  t h e  r e s i n  m a t r i x .  T h i s  p a r t  was f a b r i c a t e d  
s o l e l y  t o  demonst ra te  t h e  c a p a b i l i t y  of  t h e  GE-Omniweave Labora tory  t o  
produce an  i n t e g r a l  I-Beam shape. 
The molded p a r t  measured 8 inches  i n  l e n g t h  and a n  8 inch  unmolded 
l e n g t h  i l l u s t r a t i n g  t h e  f i b e r  geometry was l e f t  a t t a c h e d  t o  t h e  molded 
beam. 
M r .  H. M. Walker was t h e  Program Monitor .  
2.0 I n t r o d u c t i o n / O b i e c t i v e s  
The purpose of t h i s  e f f o r t  was t o  demonst ra te  t h e  f e a s i b i l i t y  o f  
weaving i n t e g r a l  I-Beam components u s i n g  t h e  Omniweave t echn ique  t o  
gene ra t e  t h e  d e s i r e d  shape. 
The I-Beam shape  s e l e c t e d  f o r  t h i s  f e a s i b i l i t y  s tudy  i s  shown 
i n  F igu re  1. 12  end Quar tz  rov ing  was s e l e c t e d  a s  t h e  weaving f i b e r .  
A 6 inch  (minimum) p o r t i o n  of t h e  woven I-beam was t o  be impregnated 
w i t h  an epoxy r e s i n ,  and cured  under p r e s s u r e  w i t h  t h e  remaining weave 
p o r t  on (6 i n c h  minimum) l e f t  a t t a c h e d  t o  t h e  molded beam. 
The c o n t r a c t e d  work pe r iod  was Februa ry  4 ,  1971 t o  March 4 ,  1971. 
3.0 Omniweave I-Beam F a b r i c  P roduc t ion  
3.1 Weaving P a t t e r n  Desipn 
The 3 / 3  b l ade  motion,  a l o n g  w i t h  t h e  3 /3  cam motion was u t i l i z e d  
t o  produce t h e  Omniweave I-Beam. Omniweave machine number 3 was used. 
Table  1 r e f l e c t s  t h e  l o a d i n g  p a t t e r n  f o r  t h e  I-beam. S i n g l e  
loop 12-end q u a r t z  rov ing  was used a s  t h e  weaving element .  The ya rns  i n  
the  "I" p o r t i o n  e n t e r e d  b o t h  cap r e g i o n s  producing an  i n t e g r a l l y  cons t ruc t ed  
I-Beam. An unequal  cap I-beam was i n t e n t i o n a l l y  des igned .  
The f i b e r  weave geometry s e l e c t e d  f o r  t h e  cap  r e g i o n s  was t h e  
t r i a x i a  1 c o n s t r u c t  ion .  
I n  t h i s  k i n d  of  c o n s t r u c t i o n  a high percentage  o f  t h e  cap  r e g i o n  
f i b e r s  remain a s  l o n g i t u d i n a l s  whi le  t h e  remain ing  f i b e r s  form a low 
a x i a l  a n g l e  Omniweave s t i t c h  around them so t h a t  a mul t id imens iona l  f a b r i c  
having h igh  a x i a l  s t r e n g t h  and s t i f f n e s s  i s  c r e a t e d .  The f i b e r s  i n  t h e  
r e g i o n  between caps  were des igned  a s a  r e g u l a r ,  d . e . ,  no l o n g i t u d i n a l s ,  
Omniweave c o n s t r u c t i o n  so t h a t  t h e  beam would e x h i b i t  e x c e l l e n t  shea r  
r e s i s t a n c e .  
3.2 Yarn P r e p a r a t i o n  
E9 The 12-end q u a r t z  rov ing ,  Astroquartz-  Type 552, 9073 Binder ,  
was coa ted  w i t h  a 6% Scotchcas  @ 221 u re thane  r e s i n  i n  ace tone  s o l u t i o n  
d u r i n g  t h e  s k e i n i n g  o p e r a t i o n  t o  minimize a b r a s i o n  d u r i n g  weaving . 
Yarns were a t t a c h e d  t o  t h e  n e s t  i n s e r t  u s ing  a rubbe r  bandlnylon monof i la -  
ment l e a d e r  assembly. 
Use o r  d i s c l o s u r e  o f  r e p o r t  d a t a  i s  s u b j e c t  t o  t h e  r e s t r i c t i o n  on t h e  t i t l e  
page o f  t h i s  r e p o r t .  
3 . 3  Weaving Procedure 
The weaving f i b e r s  were main ta ined  under t e n s i o n  throughout  t h e  
weave t o  minimize f i b e r  s l a c k .  
Wooden b l o c k s ,  measuring 1 3/4" wide by 7/16'' t h i c k  were p o s i t i o n e d  
between t h e  c a p s  t o  m a i n t a i n  beam width  d u r i n g  t h e  weaving process .  
A f t e r  e v e r y  weave motion (which i s  d e f i n e d  a s  a b l a d e  motion 
( h o r i z o n t a l  s h i f t )  followed by a cam motion ( v e r t i c a l  s h i f t ) ) , a  ny lon  
f i l a m e n t  l e a d e r  was i n s e r t e d  between t h e  l a s t  row o f  each  cap  r e g i o n  and 
t h e  f i r s t  row of t h e  "I" p o r t i o n ,  and combed down u s i n g  aluminum blades .  
I n  o t h e r  words, t h e  nylon f i l a m e n t  t r a v e l e d  between t h e  c a p s  and around 
t h e  wooden g u i d e s ,  t o  s t a b i l i z e  t h e  beam width  dimension and t o  
prevent  t h e  mid p o r t i o n  of t h e  c a p s  from necking down i n t o  t h e  c e n t r a l  "I" 
region .  (F igure  2 i l l u s t r a t e s  t h e  wooden b l o c k s ,  t h e  nylon f i b e r  wrap around 
them and d e s c r i b e s  t h e  aluminum combing b lades . )  
Then e v e r y  s t i t c h  row of t h e  cap r e g i o n s  were combed i n  t h e  
p a r a l l e l - t o - c a p - f a c e  r e g i o n  ( a l s o  shown i n  F i g u r e  2) and t h e n  t h e  c e n t r a l  
"I" p o r t i o n  was combed w i t h  s i m i l a r  combs i n  t h e  perpendicular - to-cap  
d i r e c t i o n  ( n o t  shown). These combs remained i n  t h e  weave u n t i l  t h e  next  
motion was made and a n o t h e r  monofilament wrap was i n s e r t e d ,  Then a n o t h e r  
se t  of  combs were i n s e r t e d  and t h e  n e x t  weave s t i t c h  was brought  down t o  
t h e  weave forming s u r f a c e .  
F i g u r e  3 i l l u s t r a t e s  t h e  appearance of  t h e  1" and 2" cap  r e g i o n s .  
The weaving geometry of t h e  cap  r e g i o n s  were approximately 
0 
O o / +  loo,  and t h e  "I" p o r t i o n  was approximately +, 20 . 
F i g u r e  4 i s  a n  overview o f  t h e  woven beam. 
Use o r  d i s c l o s u r e  of r e p o r t  d a t a  i s  s u b j e c t  t o  t h e  r e s t r i c t i o n  on t h e  
t i t l e  page of t h i s  r e p o r t .  
4 .O Omniweave I-Beam Composite F a b r i c a t i o n  
4 . 6  P r e l i m i n a r y  Process ine l  
Square t u b u l a r  s tee l  r o d s  were p o s i t i o n e d  and clamped e i t h e r  
s i d e  of t h e  weave when t h e  I-Beam f a b r i c  was c u t  down from t h e  Omniweave 
equipment (F igu re  5).  T h i s  was done t o  p reven t  weave f i b e r  s l i p p a g e  
d u r i n g  t r a n s i t  and p re l imina ry  p rocess ing .  
0 
F i r s t ,  t he  I Beam f a b r i c  was hea ted  t o  850 F f o r  16 hour s  i n  a i r  
t o  remove t h e  p r o t e c t i v e  ure thane  c o a t i n g  used t o  minimized f i b e r  damage 
d u r i n g  weaving. Then t h e  f a b r i c  was coa ted  w i t h  a 1% s o l u t i o n  o f  A-1100 
(Union Carbide Corpora t ion)  s i l a n e  s i z i n g  i n  water  t o  enhance f i b e r  
w e t t i n g  by t h e  epoxy r e s i n  t o  be a p p l i e d  l a t e r .  The s i l a n e - t r e a t e d  
f a b r i c  was hea ted  f o r  8 hours  a t  300 F t o  remove wa te r .  0 
4.2 I-Beam Impregnat ion  
Epoxy r e s i n  fo rmula t ion  68R was used t o  impregnate  the  I-Beam 
f a b r i c .  
Formula t ion  68R Epoxy Res in  
Epon 828 50 p a r t s  by weight  
Epon 1031 50 p a r t s  by weight  
Nadic Methyl Anhydride (NMA) 90 p a r t s  by weight  
BenzyldimethylAmine (B' MA) 1 spart  by weight  
Ace tone  190 p a r t s  by weight 
The r e s i n  was prepared  by d i s s o l v i n g  Epon 1031 ( s o l i d )  i n t o  a n  
e q u a l  weight  of Epon 828, through h e a t i n g  on a h o t  p l a t e  u n t i l  a uniform 
s o l u t i o n  was formed. 
S u f f i c i e n t  a c e t o n e  was added t o  make a 50 p e r c e n t  s o l u t i o n  of Epoxy 68R 
i n  ace tone .  T h i s m i x t u r e  was t r e a t e d  and s t i r r e d  u n t i l  i t  was uniform. 
Then t h e  Benzyldimethylamine c a t a l y s t  was added. 
Then t h e  a p p r o p r i a t e  amount o f  NMA was added, 
The f a b r i c  was d i p  impregnated u s i n g  a warm s o l u t i o n  of 68R 
and a i r  d r i e d  a t  room tempera ture  f o r  16 hours  p r i o r  t o  molding. 
4.3 Mold Design 
An I-Beam mold was designed and f a b r i c a t e d  t o  the  dimensions 
shown i n  F i g u r e  6. When assembled, t h e  mold would be a l i g n e d  so t h a t  when 
t h e  mold p lungers  were pressed  f l u s h  a g a i n s t  t h e  t o p  and bottom s i d e s  of 
t h e  mold, a n  unequal cap I-Beam w i t h  each  beam segment having a n  1/8" 
t h i c k n e s s  would be produced. F i g u r e  7 shows s e v e r a l  views of t h e  
assembled mold. 
4.4 Mold R e l e a s i n g  of "I" Beam Mold 
a .  The mold was f i r s t  degreased by thoroughly  wiping w i t h  
t o l u e n e  . 
b. The i n t e r n a l  s u r f a c e s  o f  t h e  mold were then  scrubbed w i t h  
Comet c l e a n s e r  and thoroughly r i n s e d  i n  t a p  water  and a i r  
d r i e d  . 
c. The i n t e r n a l  s u r f a c e s  o f  t h e  mold were t h e n  coa ted  w i t h  
chromic a c i d  p a s t e  and al lowed t o  s t a n d  30 minutes .  The 
mold was t h e n  thoroughly r i n s e d  w i t h  co ld  t a p  water  and 
allowed t o  a i r  dry.  
d.  The i n t e r n a l  s u r f a c e s  of t h e  mold were t h e n  sprayed w i t h  
#856-200 c l e a r  F'EP T e f l o n  enamel and t h a n  al lowed t o  a i r  
d r y  f o r  5 hours .  
e .  The coa ted  mold was t h e n  p laced  i n  a n  oven. The 
0 t empera ture  of t h e  oven was a d j u s t e d  t o  560 C. The 
T e f l o n  c o a t i n g  was s i n t e r e d  a t  t h i s  tempera ture  f o r  
1 hour  and t h e n  allowed t o  c o o l  g r a d u a l l y .  
A f t e r  wiping e x c e s s  T e f l o n  c o a t i n g  from t h e  mold, a v e r y  
t h i n  l a y e r  of  Dow Corning s top-cock g r e a s e  was a p p l i e d  
t o  t h e  i n t e r n a l  s u r f a c e s .  Excess s i l i c o n e  was removed 
from t h e  mold by wiping. 
f .  
4.5 
The impregnated I-Beam f a b r i c  was p r o p e r l y  p o s i t i o n e d  w i t h i n  t h e  
mold and molded betweer, p l a t e n s  tinder p r e s s u r e  t o  s t e p s  a t  300'Ffor 2 hours  
t o  t h e  d e s i r e d  dimensions (See F igure  1). The mold was water  cooled t o  
room tempera ture .  The woven end was main ta ined  a t t a c h e d  t o  t h e  molded 
beam throughout  process ing .  R e s i n  "wicking" d i d  occur  d u r i n g  impregna- 
t i o n  and t h e  uncui-d r e s i n  was p a r t i a l l y  removed through m u l t i p l e  
r i n s i n g s  w i t h  ace tone .  
The o t h e r  end o f  t h e  beam was l a t t e r  impregnated and molded. 
t o  c o n t a i n  t h e  f a b r i c  p o r t i o n  which was n o t  molded. 
F i g u r e  8 shows an  overview of t h e  I-Beam a f t e r  t h e  end segments 
were molded. 
F igu re  9 shows the  s u r f a c e s  of t h e  molded beam; F i g u r e  10 
shows t h e  s u r f a c e s  of t h e  a t t a c h e d  woven f a b r i c ;  s i g n i f i c a n t  f i b e r  
breakage occurred  through handl ing .  
5 .O D i s c u s s i o n  
Through t h i s  c o n t r a c t  e f f o r t  GE-RESPD h a s  demonst ra ted  t h e  
c a p a b i l i t y  of producing a t y p i c a l  s t r u c t u r a l  e lement  shape such a s  
a n  I -Beam u s i n g  Omniweave weaving technology.  
The next  phase of e f f o r t  should  be d i r e c t e d  towards f a b r i c a t i o n  
and e v a l u a t i o n  of h i g h  strength/stiffness-to-weight Omniweave i n t e g r a l  
r e s i n  m a t r i x  composi tes  i n  t h e  form of I-Beams, "hat"  s e c t i o n s  o r  
o t h e r  comparable s t r u c t u r a l  shape t o  no te  t h e  improved performance 
i n  comparison w i t h  s t a t e - o f - t h e - a r t  s t r u c t u r a l  m a t e r i a l s .  
I n  a d d i t i o n ,  m e t a l  m a t r i x  Omniweave s t r u c t u r a l  e lements  should  
be e v a l u a t e d  s i n c e  t h e s e  would o f f e r  p o t e n t i a l  weight  s a v i n g s  f o r  h i g h  
tempera ture  a p p l i c a t i o n s .  
Recent  exper iments  a t  GE-RESPD have shown t h a t  mol ten  aluminum 
can be made t o  w e t  h i g h  s t r e n g t h  h igh  modulus g r a p h i t e  f i b e r  s u r f a c e s  
fo l lowing  a n  a p p r o p r i a t e  chemical  t r ea tmen t .  Me ta l log raph ic  examinat ion  
of specimens formed by mol ten  me ta l  i n f i l t r a t i o n  o f  t r e a t e d  Modmor I1 
f i b e r s  showed t h a t  wicking of t h e  mol ten  aluminum occur red  a long  t h e  
s u r f a c e s  of t r e a t e d  f i b e r s  and t h a t  a t i g h t  bond had e v i d e n t l y  formed. 
F lexure  t es t s  made on r o d s ,  2" x 1/8" d iameter  p repa red  i n  t h i s  manner 
y i e l d e d  s t r e n g t h  v a l u e s  u p  t o  73,000 p s i  a t  approximate ly  25 volume 
pe rcen t  f i b e r s ,  w i th  l o a d - d e f l e c t i o n  cu rves  which were l i n e a r  t o  
f a i l u r e .  U n t r e a t e d  f i b e r s  s u b j e c t e d  t o  t h e  same format ion  procedure 
gave no ev idence  of w e t t i n g  o r  p e n e t r a t i o n  of t h e  f i b e r  bundles  
by aluminum; such specimens gave l o a d - d e f l e c t i o n  cu rves  t y p i c a l  f o r  
aluminum meta l .  A t  p r e s e n t  exper iments  a r e  i n  p r o g r e s s  t o  op t imize  
t h e  f i l a m e n t  t r e a t m e n t  and t o  p e r f e c t  c a s t i n g  and o t h e r  format ion  
t echn iques  i n  o r d e r  t o  open t h e  way t o  p r e p a r a t i o n  of  t h r e e  d imens iona l  
carbon f i b e r  r e i n f o r c e d  aluminum s t r u c t u r e s .  Experiments  w i t h  Modmor I1 
Omniweave s t r i p s  i n d i c a t e  a need f o r  t r ea tmen t  o f  t h e  f i b e r s  p r i o r  
t o  weaving and compaction i n  o rde r  t o  permi t  a l l  f i b e r s  i n  each  
bundle t o  be t r e a t e d  and wet ted  by aluminum. P e n e t r a t i o n  o f  aluminum 
among i n d i v i d u a l  f i l a m e n t s  i n  t h e  e x t e r i o r  bundles  and between i n t e r n a l  
bundles  was achieved  however, r e f l e c t i n g  t h e  need f o r  a l l  f i l a m e n t s  
i n  a l l  of  t h e  bundles  t o  be a c c e s s i b l e  t o  both  t r ea tmen t  and 
i n f i l t r a t i o n  s t e p s .  
6.0 Omniweave Machine f o r  Weaving Continuous I-Beam Shape 
The fo l lowing  i s  a rough d e s i g n  estimate f o r  t h e  manufacture  of  a 
cont inuous  Omniweave machine. 
The machine w i l l  be a v e r t i c a l  type  w i t h  t h e  y a r n  magazine a t  t h e  
bottom and t h e  y a r n s  f e e d i n g  upward. The weaving head w i l l  be i n  t h e  
c e n t e r  and w i l l  be capable  of motion a l o n g  t h e  a x i s  o f  t h e  yarn  f o r  t h e  
purpose of compacting t h e  weave. A t ake-up  mechanism l o c a t e d  a t  t h e  t o p  
w i l l  have a l a r g e  grooved reel  f o r  h a n d l i n g  t h e  I beam shape and keeping  
some t e s n i o n  on t h e  woven s e c t i o n .  The machine w i l l  be motor d r i v e d ,  
completely synchronized ,  and capable  of  weaving 50 f e e t  o f  m a t e r i a l  i n  
a n  8 hour  day. The e lements  of the  machine w i l l  be a s  d e s c r i b e d  below. 
Weaving Head 
The head w i l l  c o n s i s t  o f  a frame c o n t a i n g  a n  i n s e r t  bank 32 x 84 
w i t h  p r o v i s i o n s  f o r  s e l e c t i v e l y  l o c k i n g  and/or  i n a c t i v a t i n g  p o r t i o n s  of 
t h e  bank f o r  weaving t h e  I-shape.  The i n s e r t s  w i l l  be f u l l y  suppor ted  
and locked d u r i n g  t h e  "beating-up" s t r o k e .  I n s e r t  motions w i l l  be 
c o n t r o l l e d  by cam d r i v e s  b u i l t  i n t e g r a l  w i t h  t h e  frame. 
Supply Reels 
The cont inuous  y a r n  s t r a n d s  w i l l  be fed  from p r e v i o u s l y  loaded 
i n d i v i d u a l  reels .  Each reel  w i l l  move i n  t h e  supply bank, fo l lowing  t h e  
same p a t t e r n  a s  i t s  r e l a t e d  i n s e r t .  Cons tan t  t e n s i o n  d e v i c e s  and 
p r o v i s i o n  f o r  compensating f o r  t h e  v a r i a t i o n  i n  l e n g t h  of unwoven y a r n  a s  
t h e  reels  t r a v e l  w i t h  r e s p e c t  t o  t h e  i n s e r t  bank w i l l  be a p a r t  o f  each  
reel  assembly. Dummy u n i t s  w i l l  be s u p p l i e d  f o r  a l l  p o s i t i o n s  n o t  a c t i v e l y  
used. 
Takeup Assembly 
A large reel w i l l  be mounted over the i n s e r t  bank for  handling the 
woven mater ia l  and taking it  up a s  i t  i s  woven a t  a r a t e  which matches the 
weaving r a t e ,  and such that  the tens ion i s  maintained i n  the supply. 
Tab le  1 
Loading Scheme--1 Beam 
Weave No.  30ORQ2BA 
Blade 
Rear S to rage  1 
Rear S to rage  2 
Rear S to rage  3 
. .  
12 End Q u a r t z  Roving i n  Blade P o s i t i o n s  
35 ,  38, 41, 44, 47 
35, 38, 41, 44, 47 
1, 4 ,  7 ,  10,  13,  16,  19,  22, 25, 28, 31, 
34, 37, 40, 4 3 ,  47, 49, 52,  55,  58,  61,  
64,  67, 70, 73, 76, 79 
Blades  l A ,  2B, 3A 1, 2, 4 ,  5 ,  7 ,  8, 1 0 ,  11, 1 3 ,  14,  16, 17 ,  
19 ,  209 22, 23, 25, 26, 28 ,  29, 31, 32,  34, 35 
37, 38, 40, 41 ,  43, 44,  46, 47, 49 ,  50,  
52,  53,  55, 56,  58, 59, 61,  62 ,  64, 65 
67, 68, 70, 7 1 ,  73, 74, 76, 77,  79, 80 ,  
- 82, 8 3  
Blade 4 (3-move dummy) 36, 39, 42 ,  4 5 ,  48 
Blades  5A through 27A 35, 38, 41 ,  44 ,  47 
Blade 28 (3-mwe dummy) 25, 28, 31, 34, 36, 37, 39, 40, 42, 43, 
46 ,  48, 49, 52,  55,  58, 61, 64 
Blades  29A, 30B, 31A 24, 26, 27 ,  29, 30, 32, 33, 35, 36, 38, 
39, 41 ,  42,  44, 45 ,  4 7 ,  48 ,  50,  51,  53,  54, 56, 
57,  59,  60,  62 ,  6 3  
A l l  o t h e r  Blade p o s i t i o n s  between 1 84 t o  be f i l l e d  w i t h  MR i n s e r t s  
-3Lc- - 
Locked Pushers  2,  5 ,  8, 11, 14 ,  1 7 ,  21, 23, 26, 29, 32, 
80 ,  82 ,  8 3  
50,  53,  56,  59, 62,  63, 65, 68, 71, ~ L I ,  77 
Blade Trave l :  313 
CAM Used: 313 Cam 
Use o r  d i s c l o s u r e  of r e p o r t  d a t a  is s u b j e c t  t o  t h e  r e s t r i c t i o n  on t h e  t i t l e  
page of t h i s  r e p o r t .  
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FIGURE 2 OMNIWEAVE I-BEAM FABRICATION - -SIDE VIEW 
FIGURF, 3 OMNIFTEAVE I-BEAM FABRICATION 
2" Cap Surface 
B) 1" Cap Surface 
-- 
e- 
FIGURF, 4 OMNIWEAVE I BEAM FABRICATION - OVERVIEW 
FIGURE 5 OMNIWEAVE I-BEAM FABRIC P R I O R  TO REMOVAL FROM WEAVING MACHINE 
4 
FIGURE 6 OMNIWEAVE I BEAM MOLD DESIGN 
FIGURE 7 OMNIWEAVE I-BEAM MOLD 
A) Front  V i e w  B) Top V i e w  
C) O v e r v i e w  
FIGURE 8 OMMWEAVE .I BEAM COMPOSITE SHOWING MOLDED ENDS 
AND UNMaDED WOVEN BEAM COMPONENTS 
FIGURE 9 MOLDED OMNIWEAVE I-BEAM COMPONENT 
A) 2" Cap Face B) 1" Cap Face 
C) Perpendicular to Cap Direction 
FIGURE 10 CLOSEUPS OF WOVEN I-BEAM FABRIC ATTACHED TO MOLDED BEAM COMPONENT 
A) 2" F a c e  B) '1" F a c e  
C) P e r p e n d g y u l a r  to Cap D i r e c t i o n  
